Fruits and certain vegetables have a protective effect on gastric cancer (GC) and folate is one of the nutrients in fruits and vegetables. We hypothesized that the polymorphisms of thymidylate synthase (TYMS) gene involved in folate metabolism are associated with GC risk. In a population-based case-control study of 337 GC cases and 326 controls, frequency-matched by age, sex and residential areas in a southern Chinese population, we genotyped the 28 bp tandem repeat in the TYMS 5 0 -untranslated enhanced region (TSER) and the 6 bp deletion/insertion at bp 1494 in the TYMS 3 0 -untranslated region (TS3 0 UTR). We found that although the TSER polymorphism had no main effect on GC risk, the TS3 0 UTR 6 bp/6 bp genotype was associated with a significantly increased risk of GC [adjusted odds ratio (OR) ¼ 1.96, 95% confidence interval (CI) ¼ 1. 18-3.25] , especially the non-cardiac gastric cancer (2.16, 1.22-3.82), compared with the 0 bp/0 bp genotype. However, when we evaluated these two polymorphisms together and used the combined genotype with zero variant allele (TSER 2R and TS3 0 UTR 6 bp variant alleles) as the reference, we found that the combined genotype with three or four variant alleles was associated with a significantly increased risk of GC (2.06, 1.12-3.79), especially the non-cardiac gastric cancer (2.33, 1.19-4.59), and this significant association was more pronounced among older women (460 years old), non-smokers, and never tea drinkers. In conclusion, the TYMS polymorphisms, especially the TS3 0 UTR polymorphism, are associated with GC risk, especially the non-cardiac gastric cancer, and the TSER 2R and TS3 0 UTR 6 bp alleles may jointly play a role in the etiology of GC in the southern Chinese population. Larger studies are warranted to verify these findings.
Introduction
Although gastric cancer (GC) incidence and mortality rates have been fallen in recent decades, it remains the fourth most common cancer worldwide and there were estimated 876 000 newly diagnosed cases and 647 000 deaths in the year 2000 (1) . In China, GC remains the leading cause of cancer-related mortality among men and women, and the crude mortality rate of GC was 25.2/100 000, which accounted for almost one-fourth of the total cancer deaths during 1990-1992 (2) . Epidemiological studies have demonstrated that Helicobacter pylori (HP) infection, tobacco smoke, alcohol use and dietary factors (e.g. salty foods and N-nitroso compounds) remain the main risk factors for GC (3) . However, only a fraction of individuals exposed to these factors develop GC, suggesting that individual susceptibility to GC may vary.
High consumption of fruits and vegetables is associated with decreased risk of GC (4) . Folate is one of the constituents in fruits and vegetables and may provide protection against cancer, including GC (5). Thymidylate synthase (TYMS), as one of the several key enzymes, is known to be involved in folate metabolism (6) . The TYMS gene is located on chromosome 18p11.32 and catalyzes the conversion of deoxyuridine monophosphate (dUMP) to deoxythymidine monophosphate (dTMP) using the 5,10-methylenetetrahydrofolate as a methyl donor (6) . This reaction is the de novo source of cellular thymidine which is essential for the provision of nucleotides required for DNA synthesis and repair as well as a primary target for 5-fluorouracil (5-FU), the most common chemotherapy agent used to treat GC (7) . Thymidylate deficiency may result in chromosomal breakage and fragile site induction (8, 9) , which may cause individual susceptibility to cancer.
The TYMS gene contains a series of 28 bp tandem repeats in the 5 0 -untranslated enhanced region (TSER). The double repeats (2R) or triple repeats (3R) are most common and known to be involved in modulation of TYMS mRNA expression (10) . Several studies have investigated the association between the TSER polymorphism and risk of cancer, but the results were mixed (11) (12) (13) . Recently, a novel polymorphism (rs16430), a 6 bp deletion/insertion at bp 1494 in the 3 0 -untranslated region of TYMS (TS3 0 UTR), was identified (14) and is thought to influence TYMS mRNA expression and stability (14, 15) . Studies on the association between the TS3 0 UTR polymorphism and risk of cancer also generated mixed results (12, (16) (17) (18) (19) (20) . In our previous studies, we found that the TS3 0 UTR polymorphism was associated with risks of squamous cell carcinoma of the head and neck (SCCHN) and lung cancer in Caucasians (21, 22) and the TSER 3R and TS3 0 UTR 0 bp alleles appeared to jointly protect against SCCHN and progression of oral cavity cancer (21) . In the present study, we further investigated the association between these two TYMS polymorphisms and GC risk in a southern Chinese population.
Abbreviations: CI, confidence interval; GC, gastric cancer; HP, Helicobacter pylori; OR, odds ratio; SCCHN, squamous cell carcinoma of the head and neck; TSER, thymidylate synthase in the 5 0 -untranslated enhanced region; TS3 0 UTR, thymidylate synthase in the 3 0 -untranslated region; TYMS, thymidylate synthase.
Materials and methods

Study population
The subject recruitment for this study has been described previously (23) . In brief, 337 newly diagnosed GC cases and 326 cancer-free control subjects were recruited from Huai-An, Jin-Tan and Yang-Zhong cities in central Jiangsu Province, South China, between July 1997 and April 1999. These cities were known to have a high-mortality rate of GC. All cases were histologically confirmed gastric adenocarcinoma (132 cardiac and 205 non-cardiac gastric cancer) cases. Genetically unrelated cancer-free individuals were recruited as controls who were living in the same residential areas and frequency-matched to the cases on age (AE5 years), sex and residential areas. All case and control subjects provided informed consent to participate in the study and donated 5 ml of blood. Individuals who smoked one or more times a day for 41 year were defined as ever smokers, and individuals who consumed three or more alcohol drinks a week for 46 months were considered ever drinkers. Individuals who consumed tea every day were defined as ever tea drinkers. This research protocol was approved by the institutional review board of Nanjing Medical University.
Genotyping analysis PCR and PCR-based restriction fragment length polymorphism (PCR-RFLP) assays were used to identify the TSER and TS3 0 UTR polymorphisms, respectively, as previously described (21) . In brief, the primers of the TSER polymorphism were 5 0 -GTGGCTCCTGCGTTTCCCCC-3 0 (forward) and 5 0 -GGCTCCGAGCCGGCCACAGGCATGGCGCGG-3 0 (reverse) (10) , which generated 243 bp (i.e. 3R) and 215 bp (i.e. 2R) fragments. The primers of the TS3 0 UTR polymorphism were 5 0 -CAAATCTGAGGGAGCTGAGT-3 0 (forward) and 5 0 -CAGATAAGTGGCAGTACAGA-3 0 (reverse) (14) , which generated 152 bp fragment for 6 bp deletion (i.e. 0 bp) or 158 bp for 6 bp insertion (i.e. 6 bp). The restriction enzyme DraI (New England BioLabs, Beverly, MA) was used to distinguish the TS3 0 UTR polymorphism, in which the presence of the 6 bp insertion creates a DraI restriction site, and the expected fragment sizes were 88 and 70 bp. Both the expected fragments of these two polymorphisms were separated on 3% NuSieve 3:1 agarose gel (Cambrex Bio Science Rockland, Rockland, ME). More than 10% of the samples were randomly selected for confirmation.
Statistical analysis
The x 2 -test was used to evaluate differences in the frequency distributions of selected demographic variables, smoking status, alcohol use, tea consumption, and each allele and genotype of the TSER and TS3 0 UTR polymorphisms between the cases and controls. The dummy coding scheme for each polymorphism was used for OR calculation but the nominal number was used as a continuous variable for the trend tests. Univariate and multivariate logistic regression analysis were used to obtain the crude and adjusted odds ratios (ORs) and 95% confidence intervals (CIs). The genotype data were further stratified by subgroups of age, sex, smoking status, alcohol use and tea consumption. In this study, we identified three of controls (0.9%) with the TSER 5R allele and one of controls (0.3%) with the 4R allele (data not shown). Since they were rare, only 322 control subjects were included in the final analysis so that our results would be comparable to those of previously published reports (12, 21, 22, 24) . Furthermore, we used the 2LD software to calculate the linkage disequilibrium (LD) between these two TYMS polymorphisms (25, 26) . All tests of statistical significance were two-sided at the level of P 5 0.05 by using the SAS statistical software system (version 8.2; SAS Institute, Cary, NC).
Results
Characteristics of the study population
The frequency distributions of selected characteristics of the cases and controls are presented in Table I . The frequency matching was effective, because there was no difference in sex and the mean age between the cases (58.7 AE 9.7 years; range, 24-82 years) and controls (58.1 AE 10.6 years; range, 32-87 years). In addition, there was no significant difference between the cases and controls by smoking status, alcohol use and residential areas (Table I) . However, there were more never tea drinkers (65.0%) among the cases than among the controls (57.8%), but the difference was only borderline significant (P ¼ 0.057). Nevertheless, these variables were further adjusted in the multivariate logistic regression analysis. Because the cases and controls were selected from three different residential areas, the distributions of the genotypes were compared between the three areas among the cases and controls, although these three areas are geographically similar. However, we did not find any significant difference in the distributions among the three areas between the cases (P ¼ 0.197 for the TSER and 0.503 for TS3 0 UTR) and controls (P ¼ 0.068 for the TSER and 0.448 for TS3 0 UTR) (data not shown). Therefore, the cases and controls of these three areas were combined and used in the final analysis as originally designed.
Genotype distributions of TYMS polymorphisms among the cases and controls As shown in Table II , the genotype frequencies of the TS3 0 UTR polymorphism were 41.8, 42.5 and 15.7% for the 0 bp/0 bp, 6 bp/0 bp and 6 bp/6 bp genotypes, respectively, among the cases and 47.5, 43.2 and 9.3%, respectively, among the controls, and the difference was statistically significant (P ¼ 0.037). However, the difference in TSER genotype frequencies among the cases and controls was not significant. Similarly, a significant difference was observed in the frequency of the TS3 0 UTR 6 bp allele among the cases and controls. The genotype distributions of these two polymorphisms among the controls were in agreement with the HardyWeinberg equilibrium (Table II) .
We then dichotomized the cases by anatomic subsites of stomach into non-cardiac gastric cancer and cardiac gastric cancer cases, and evaluated the genotype distributions of the TSER and TS3 0 UTR polymorphisms among these two case groups and controls. As shown in Table II , the genotype frequencies of TS3 0 UTR were 39.5, 44.4 and 16.1% for the 0 bp/ 0 bp, 6 bp/0 bp and 6 bp/6 bp genotypes, respectively, among Association between TYMS polymorphisms and gastric cancer the non-cardiac gastric cancer cases and 45.4, 39.4 and 15.2%, respectively, among the cardiac gastric cancer cases, and the difference between the non-cardiac gastric cancer cases (but not the cardiac gastric cancer cases) and controls was statistically significant (P ¼ 0.036). For the TSER polymorphism, however, the differences of genotype frequencies between both these two case groups and the controls were not significant. A significant difference was observed in the frequency of the TS3 0 UTR 6 bp allele between non-cardiac gastric cancer cases and controls.
We further analyzed the difference of the combined genotype distributions among the cases and controls. Although more individuals had the combined genotype with three or four variant alleles among all gastric cancer (11.3%), noncardiac gastric cancer (11.7%) or cardiac gastric cancer (10.6%) cases than among the controls (5.9%), these differences were not statistically significant (Table II) .
Association analysis of TYMS polymorphisms and GC risk As shown in Table II , when we used the TSER 3R3R genotype as the reference, we found that both the 2R3R and 2R2R genotypes were not associated with risk of all gastric cancer. For the TS3 0 UTR polymorphism, however, the variant genotypes (6 bp/6 bp and 6 bp/0 bp) were associated with an increased risk of all gastric cancer in a dose-response manner compared with the 0 bp/0 bp genotype (adjusted OR ¼ 1.12, 95% CI, 0.81-1.56 for the 6 bp/0 bp and 1.96, 1.18-3.25 for the 6 bp/6 bp; P trend ¼ 0.021). Similar associations were observed between the non-cardiac gastric cancer cases (but not the cardiac gastric cancer cases) and the controls (1.24, 0.85-1.81 for the 6 bp/0 bp and 2.16, 1.22-3.82 for the 6 bp/6 bp; P trend ¼ 0.012).
The correlation analysis revealed that the genotype frequencies of these two polymorphisms were highly correlated (P 5 0.0001; data not shown). Further analysis suggested that these two polymorphisms were in linkage disequilibrium (D 0 ¼ 0.503, P 5 0.001). Therefore, we evaluated the combination of TSER and TS3 0 UTR polymorphisms on GC risk. When we used the combined genotype with zero variant allele (TSER 2R and TS3 0 UTR 6 bp alleles) as the reference, we found that the combined genotype with three or four variant alleles were associated with a significant increased risk of all gastric cancer (adjusted OR ¼ 2.06, 95% CI, 1.12-3.79). This increased risk was also observed in the non-cardiac gastric cancer cases in a dose-response manner (1.13, 0.72-1.77 for those with one variant allele, 1.18, 0.75-1.84 for those with two variant alleles and 2.33, 1.19-4.59 for those with three or four variant alleles; P trend ¼ 0.048) (Table II) . However, no significant association between these two polymorphisms or the combined genotypes and risk of the cardiac gastric cancer cases was observed.
Stratification analysis of TS3
0 UTR polymorphism and risk of non-cardiac gastric cancer In further stratification analysis as shown in Table III , the risk of non-cardiac gastric cancer associated with the TS3 0 UTR 6 bp/6 bp genotype was increased in a dose-response manner as the age increased (adjusted OR ¼ 1.69, 95% CI, 0.51-5.61 for those 50 years old, 1.87, 0.62-5.66 for those 51-60 years old, and 2.42, 1.05-5.57 for those 460 years old). This increased risk was also more pronounced among women (6.59, 1.87-23.90), non-smokers (6.62, 2.50-17.53) and never tea drinkers (3.19, 1.54-6.60). However, we did not find any significant association between the TS3 0 UTR polymorphism and cardiac gastric cancer (data not shown). Furthermore, no statistical evidence for any interactions was found between these variables and the combined variant genotypes (data not shown).
Statistical power
It is obvious that this study did not have sufficient power to detect small ORs. For the TSER polymorphism, we had a 43% power (two-sided test, a ¼ 0.05) to detect an OR of 1.89 for 2R2R homozygotes (3.7% in the controls), if this variant genotype is a risk genotype, compared with the 3R3R þ 2R3R genotype. Also, we only had a 5.7% power to detect an OR of 0.94 for both variant genotypes (2R3R þ 2R2R; 37.0% in the controls) compared with the 3R3R genotype. Similarly, for the TS3 0 UTR polymorphism, we had a 75% power (two-sided test, a ¼ 0.05) to detect an OR of 1.87 for 6 bp/6 bp homozygotes (9.3% in the controls) but only a 31% power to detect an OR of 1.26 for the 6 bp/0 bp þ 6 bp/6 bp genotype (6 bp/0 bp þ 6 bp/6 bp; 52.5% in the controls).
Discussion
Studies have revealed that the number of the tandem repeats in TSER polymorphism can affect TYMS mRNA expression and protein translation efficiency (10, 27, 28) . Recent studies have also demonstrated that TSER polymorphism may modulate the levels of plasma folate and homocysteine (16, 29) ; thus, TSER is thought to be a functional polymorphism, and therefore may be a risk factor of cancer. To date, several studies investigated the association between the TSER polymorphism and risk of cancer, but the results were not consistent. One study found that the TSER 2R3R and 3R3R genotypes were protective against the adult acute lymphocytic leukemia compared with the 2R2R genotype in Caucasian subjects (11) . Conversely but consistently, another study suggested that individuals with at least one TSER 2R allele had a significantly increased risk of malignant lymphoma compared with those without 2R allele in Japanese subjects (13) . However, other studies did not find a significant association between the TSER polymorphism and risk of colorectal adenomas in Caucasians (12, 24) . In this study, we found no main effect of TSER polymorphism on increasing risk of GC, which is consistent with our previous studies on SCCHN and lung cancer in Caucasians (21, 22) and other published data (12, 24) . However, the genotype frequencies of TSER among the control subjects in the present study differ from those in our previous studies. Studies reported that the frequency of tandem repeats in TSER polymorphism was varied among different ethnic groups or residential regions (10, 27, 30) , and the frequency of TSER 3R allele in Chinese subjects was higher than that in Caucasians or Southwest Asians (30) . Therefore, it is likely that these discrepancies in genotype frequencies may be because of ethnic or residential regional differences in allele frequencies.
The TS3 0 UTR is a novel polymorphism in the 3 0 -untranslated region of TYMS gene identified recently (14) , and the function of TS3 0 UTR polymorphism is not known. Study revealed that the TS3 0 UTR polymorphism may affect the TYMS mRNA stability and translation (14) , which in turn, affects TYMS protein expression levels. Therefore, TS3 0 UTR polymorphism is thought to be a potential functional polymorphism and might be associated with risk of cancer. Recently, several studies have investigated the association between the TS3 0 UTR polymorphism and the risk of cancer, but the results were mixed. Graziano et al. (17) reported that the TS3 0 UTR 6 bp/0 bp genotype was associated with a significantly increased GC risk in Caucasians (OR ¼ 1.92, 95% CI, 1.13-3.28), compared with the 6 bp/6 bp genotype. However, this association was not observed in other studies (12, 16, 18, 19) .
In the present study, we found that the TS3 0 UTR 6 bp variant allele was associated with a significantly increased risk of GC in a dose-response manner. Specifically, the 6 bp/ 6 bp genotype was associated with 1.96-fold risk of GC compared with the 0 bp/0 bp genotype. Although the TSER Association between TYMS polymorphisms and gastric cancer polymorphism had no main effect on risk of GC, the combined genotype with three or four variant alleles (TSER 2R and TS3 0 UTR 6 bp alleles) was associated with a significantly increased risk of GC. These findings suggest that the TSER 2R and TS3 0 UTR 6 bp alleles appeared to have a combined effect on increasing GC risk, which were consistent with our previous studies on SCCHN and lung cancer in Caucasians (21, 22 ) and other published data in different ethnic groups including Caucasian, Japanese and northern Chinese populations (11, 13, 19) , but not consistent with the study reported by Graziano et al. (17) . The mechanisms of joint effect between the TSER and TS3 0 UTR polymorphisms on increasing risk of cancer warrant further investigations. Also, we found that the variant alleles of the TS3 0 UTR and the combined genotypes tended to increase the risk of noncardiac gastric cancer in a dose-response manner. Specifically, the TS3 0 UTR 6 bp/6 bp genotype and the combined genotype with three or four variant alleles were associated with a significantly increased risk of non-cardiac gastric cancer. However, this increased risk was not observed in the cardiac gastric cancer cases. These findings suggest possible different genetic susceptibility to gastric cancer at different subsites of stomach (3) .
In this study, subgroups of older, female and non-smoking subjects appeared to have higher risk of non-cardiac gastric cancer. This finding may reflect a high level of genetic susceptibility, possibly owing to reduced DNA repair capacity in these subgroups (31) or other unknown risk factors, which warrant further studies. Studies have revealed that increased green tea intake may reduce risk of cancer, including gastric cancer (32) . Consistently, our data showed that tea consumption was a protective factor for GC in this study population, although only at a borderline significance.
The primary shortcoming of this study is the lack of data on detailed dietary intake of folate, plasma or erythrocyte folate levels and its precursors or metabolites such as homocysteine, because the effect of genetic variations in folate metabolic genes on cancer risk will depend on folate intake status (33, 34) . Therefore, our study could underestimate the risk in the presence of low dietary folate intake and could not evaluate possible gene-nutrient interaction. The strength of this study is that it is population-based and the genotype distributions in our study population are similar to reported distributions in other studies. For instance, the frequencies of the 0 bp/0 bp, 6 bp/0 bp and 6 bp/6 bp genotypes of the TS3 0 UTR among our 322 southern Chinese controls were 47.5, 43.2 and 9.3%, respectively, compared with 45.7, 44.5 and 9.8%, respectively, of 348 northern Chinese controls (19) , although another smaller study with 223 Chinese controls had a different distribution, possibly owing to a selection bias because of a failure of the Hardy-Weinberg equilibrium test (20) .
In conclusion, we found a significant association between the TS3 0 UTR polymorphism and GC risk, especially the risk of non-cardiac gastric cancer, in a case-control study of southern Chinese population, and the TSER 2R and TS3 0 UTR 6 bp variant alleles appeared to have a combined effect on the increasing risk of non-cardiac gastric cancer. Since we did not have the complete dataset on the HP infection status, we were not able to perform stratification analysis of HP infection on GC risk, which should be addressed in future study. Larger studies are needed to verify these findings, in which potential gene-gene and gene-environmental interactions on GC risk could be further examined.
